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(54) METHOD OF MANUFACTURING THREE-DIMENSIONALLY FORMED OBJECT

(67) A method of manufacturing a three-dimension-
ally formed object (O) in which the three dimensionally
formed object (O) is manufactured by laminating layers
to form a laminate, includes:

forming a constituent layer (500) corresponding to a con-
stituent region of the three-dimensionally formed object
(O); forming a support layer (300) which is in contact with
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the constituent layer (500) and supports the constituent
layer (500) by ejecting a flowable composition (M) includ-
ing a resin from an ejecting portion (1400) in the form of
liquid drops; solidifying the support layer (300); and heat-
ing the laminate which is formed in the formation of the
constituent layer (500), the formation of the support layer
(300), and the solidification of the support layer (300).
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Description
BACKGROUND
1. Technical Field

[0001] The present invention relates to a method of
manufacturing a three-dimensionally formed object.

2. Related Art

[0002] Inthe related art, various methods of laminating
layers to manufacture a three-dimensionally formed ob-
ject have been disclosed. Among these, a method of
forming a layer using a flowable composition to manu-
facture a three-dimensionally formed object is disclosed.
[0003] For example, JP-A-2008-184622 discloses a
method of manufacturing a three-dimensionally formed
object, the method including: forming a layer using a met-
al paste; and manufacturing a three-dimensionally
formed object while irradiating a region of the layer cor-
responding to the three-dimensionally formed object with
laser light to sinter or melt the region.

[0004] However, in the method of manufacturing a
three-dimensionally formed object of the related art, a
layer having a given thickness is formed to manufacture
a three-dimensionally formed object. Therefore, in order
to increase a manufacturing speed, it is necessary to
increase the thickness of a layer such that the supply
speed (supply rate per unit time) of a flowable composi-
tion, such as a metal paste, including particles is in-
creased. Therefore, the manufacturing accuracy deteri-
orates. On the other hand, in order to improve the man-
ufacturing accuracy, it is necessary to reduce the thick-
ness of a layer such that a flowable composition, such
as a metal paste, including particles is supplied with high
accuracy. Therefore, the manufacturing speed is re-
duced. In this way, in the method of manufacturing a
three-dimensionally formed object of the related art, there
is a trade-off relationship between the manufacturing
speed and the manufacturing accuracy.

SUMMARY

[0005] An advantage of some aspects of the invention
is to rapidly manufacture a three-dimensionally formed
object with high accuracy.

[0006] A method of manufacturing a three-dimension-
ally formed object according to a first aspect of the in-
vention is a method of manufacturing a three-dimension-
ally formed object in which the three-dimensionally
formed object is manufactured by laminating layers to
form a laminate, the method including: forming a constit-
uent layer corresponding to a constituent region of the
three-dimensionally formed object; forming a support lay-
er which is in contact with the constituent layer and sup-
ports the constituent layer by ejecting a flowable compo-
sition including a resin from an ejecting portion in the form
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of liquid drops; solidifying the support layer; and heating
the laminate which is formed in the formation of the con-
stituent layer, the formation of the support layer, and the
solidification of the support layer.

[0007] According to the aspect, the method includes:
forming a constituent layer; and forming a support layer
by ejecting a flowable composition including a resin from
an ejecting portion in the form of liquid drops. For exam-
ple, by using the flowable composition in which the resin
is dissolved or is dispersed in the form of fine particles,
the support layer which determines the contour shape of
the three-dimensionally formed object can be formed with
high accuracy (the presence of the solid component (par-
ticles) having a large particle size can prevent the une-
venness of the surface shape). By rapidly forming the
constituent layer constituting the inside of the three-di-
mensionally formed object which is not necessarily to be
formed with high accuracy, the three-dimensionally
formed object can be rapidly manufactured with high ac-
curacy.

[0008] Here, "contour"is a portion which forms the sur-
face shape of the three-dimensionally formed object. For
example, in a case where a coating layer is provided on
the surface of the three-dimensionally formed object,
"contour" may refer to a layer below the coating layer.
[0009] The method of manufacturing a three-dimen-
sionally formed object according to a second aspect of
the invention is directed to the method of manufacturing
athree-dimensionally formed object according to the first
aspect, in which, in the heating of the laminate, the sup-
port layer is decomposed and removed and the constit-
uent layer is sintered.

[0010] According to the aspect, in the heating of the
laminate, the support layer is decomposed and removed
and the constituent layer is sintered. That is, in the heat-
ing of the laminate, the laminate is collectively sintered.
Therefore, the support layer can prevent the shape of
constituent layer from collapsing until it is decomposed
and removed in the heating of the laminate after the for-
mation of the laminate, and can form the three-dimen-
sionally formed object with particularly high accuracy.
[0011] The method of manufacturing a three-dimen-
sionally formed object according to a third aspect of the
invention is directed to the method of manufacturing a
three-dimensionally formed object according to the first
or second aspect, in which, in the formation of the con-
stituent layer, the flowable composition is ejected from
the ejecting portion in the form of liquid drops to form the
constituent layer, and a size of at least a portion of liquid
drops for forming the support layer in the formation of the
support layer is smaller than a size of at least a portion
of liquid drops for forming the constituent layer in the
formation of the constituent layer.

[0012] According to the aspect, the support layer can
be formed using the liquid drops having a smaller size
than the liquid drops for forming the constituent layer.
That is, the support layer which determines the contour
shape of the three-dimensionally formed object is formed
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using the relatively small liquid drops, and the constituent
layer constituting the inside of the three-dimensionally
formed object is formed using the relatively large liquid
drops. Therefore, the support layer determining the con-
tour shape of the three-dimensionally formed object,
which is necessarily formed with high accuracy, can be
formed with high accuracy, and the constituent layer con-
stituting the inside of the three-dimensionally formed ob-
ject, which is not necessarily formed with high accuracy,
can be rapidly formed. Accordingly, the three-dimension-
ally formed object can be rapidly manufactured with high
accuracy.

[0013] The method of manufacturing a three-dimen-
sionally formed object according to a fourth aspect of the
invention is directed to the method of manufacturing a
three-dimensionally formed object according to any one
of the first to third aspects, in which the resin is an ultra-
violet curable resin, and in the solidification of the support
layer, the support layer is irradiated with ultraviolet rays.
[0014] According to the aspect, the resin is an ultravi-
olet curable resin, and the support layer is irradiated with
ultraviolet rays in the solidification of the support layer.
Therefore, the support layer can be simply formed with
high accuracy.

[0015] The method of manufacturing a three-dimen-
sionally formed object according to a fifth aspect of the
invention is directed to the method of manufacturing a
three-dimensionally formed object according to any one
of the first to third aspects, in which the resin is a ther-
mosetting resin, and in the solidification of the support
layer, the support layer is heated.

[0016] According to the aspect, the resin is a thermo-
setting resin, and the support layer is heated in the so-
lidification of the support layer. Therefore, the support
layer can be simply formed with high accuracy.

[0017] The method of manufacturing a three-dimen-
sionally formed object according to a sixth aspect of the
invention is directed to the method of manufacturing a
three-dimensionally formed object according to any one
of the first to third aspects, in which, in the formation of
the support layer, the resin, which is solid, is melted and
the molten resin is ejected from the ejecting portion in
the form of liquid drops to form the support layer, and in
the solidification of the support layer, the molten resin is
cooled and solidified.

[0018] According to the aspect, in the formation of the
support layer, the resin, which is solid, is melted and the
molten resin is ejected from the ejecting portion in the
form of liquid drops to form the support layer, and in the
solidification of the support layer, the molten resin is
cooled and solidified. Therefore, the support layer can
be simply formed with high accuracy.

[0019] The meaning of "cooling and solidifying" in-
cludes not only actively cooling and solidifying the resin
but also naturally cooling and solidifying the resin.
[0020] The method of manufacturing a three-dimen-
sionally formed object according to a seventh aspect of
the invention is directed to the method of manufacturing
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athree-dimensionally formed object according to any one
of the first to sixth aspects, in which a material for forming
the constituent layer includes at least one selected from
the group consisting of magnesium, iron, copper, cobalt,
titanium, chromium, nickel, aluminum, maraging steel,
stainless steel, cobalt-chromium-molybdenum, a titani-
um alloy, a nickel alloy, an aluminum alloy, a cobalt alloy,
a cobalt-chromium alloy, alumina, and silica.

[0021] According to the aspect, a three-dimensionally
formed object having particularly high stiffness can be
formed.

[0022] The method of manufacturing a three-dimen-
sionally formed object according to an eighth aspect of
the invention is directed to the method of manufacturing
athree-dimensionally formed object according to any one
of the first to seventh aspects, in which a material for
forming the support layer includes at least one selected
from the group consisting of polyvinyl alcohol, polyvinyl
pyrrolidone, polyvinyl butyrate, a polyethylene resin, a
polypropylene resin, a (meth)acrylic resin, a polycar-
bonate resin, and paraffin wax.

[0023] Polyvinyl alcohol, polyvinyl pyrrolidone, polyvi-
nyl butyrate, a polyethylene resin, a polypropylene resin,
a (meth)acrylic resin, a polycarbonate resin, or paraffin
wax functions as a binder. Therefore, according to the
aspect, the support layer can be prevented from collaps-
ing (deforming) before the solidification of the support
layer.

[0024] The method of manufacturing a three-dimen-
sionally formed object according to a ninth aspect of the
invention is directed to the method of manufacturing a
three-dimensionally formed object according to the sec-
ond aspect, in which, in the heating of the laminate, 90%
or higher of the support layer is decomposed and re-
moved.

[0025] According to the aspect, in the heating of the
laminate, 90% or higher of the support layer is decom-
posed and removed. Therefore, after the heating of the
laminate, the residual support layer can be simply re-
moved from the constituent layer of the three-dimension-
ally formed object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
accompanying drawings, wherein like numbers refer-
ence like elements.

Fig. 1A is a diagram showing a schematic configu-
ration of a three-dimensionally formed object man-
ufacturing apparatus according to an embodiment
of the invention, and Fig. 1B is an enlarged view
showing a C portion shown in Fig. 1A.

Fig. 2A is a diagram showing a schematic configu-
ration of the three-dimensionally formed object man-
ufacturing apparatus according to the embodiment
of the invention, and Fig. 2B is an enlarged view
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showing a C’ portion shown in Fig. 2A.

Fig. 3A is a diagram showing a schematic configu-
ration of the three-dimensionally formed object man-
ufacturing apparatus according to the embodiment
of the invention, Fig. 3B is a diagram showing a con-
figuration example of a support layer, and Fig. 3C is
adiagram showing an example in which nozzles are
disposed in a head.

Fig. 4A is a diagram showing a schematic configu-
ration of a three-dimensionally formed object man-
ufacturing apparatus according to another embodi-
ment of the invention, Fig. 4B is a diagram showing
a configuration example of a support layer, and Fig.
4C is a diagram showing an example in which noz-
zles are disposed in a head.

Fig. 5 is a diagram showing the external appearance
of a head base according to the embodiment of the
invention when seen from a D direction shown in Fig.
1B.

Fig. 6 is a cross-sectional view taken along line E-
E’ shown in Fig. 5.

Figs. 7A to 7C are plan views schematically showing
a relationship between a disposition of head units
according to the embodiment of the invention and a
formed state of landed portions.

Figs. 8A and 8B are plan views schematically show-
ing arelationship between a disposition of head units
according to the embodiment of the invention and a
formed state of landed portions.

Fig. 9 is a plan view schematically showing a rela-
tionship between a disposition of head units accord-
ing to the embodiment of the invention and a formed
state of landed portions.

Figs. 10A and 10B are diagrams schematically
showing other disposition examples of head units
disposed on the head base.

Figs. 11A to 11E are diagrams schematically show-
ing a process of manufacturing a three-dimension-
ally formed object according to an example of the
invention.

Figs. 12A and 12B are diagrams schematically
showing the process of manufacturing a three-di-
mensionally formed object according to an example
of the invention.

Figs. 13A to 13E are diagrams schematically show-
ing a process of manufacturing a three-dimension-
ally formed object according to an example of the
invention.

Figs. 14A and 14B are diagrams schematically
showing the process of manufacturing the three-di-
mensionally formed object according to an example
of the invention.

Fig. 15 is a flowchart showing a method of manufac-
turing a three-dimensionally formed object according
to an example of the invention.
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DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0027] Hereinafter, embodiments of the invention will
be described with reference to the drawings.

[0028] Figs. 1A to 2B are diagrams showing a sche-
matic configuration of a three-dimensionally formed ob-
ject manufacturing apparatus according to an embodi-
ment of the invention.

[0029] Here, the three-dimensionally formed object
manufacturing apparatus according to the embodiment
includes two kinds of material supply portions (head bas-
es). However, in each of Figs. 1A to 2B, only one of the
material supply portions is shown, and the other material
supply portion is not shown. In addition, the material sup-
ply portion shown in Figs. 1A and 1B supplies a constit-
uent material (flowable composition) of a three-dimen-
sionally formed object. The material supply portion
shown in Figs. 2A and 2B supplies a support portion-
forming material (flowable composition) for forming a
support portion which supports the three-dimensionally
formed object during the formation of the three-dimen-
sionally formed object. The constituent material accord-
ing to the example includes metal powder constituting
the three-dimensionally formed object, a solvent, and a
binder. The support portion-forming material according
to the example includes aresin (ultraviolet curable resin)
constituting the support layer, a solvent for dissolving the
resin therein, and a binder.

[0030] "Three-dimensional forming" described in this
specification represents forming a so-called three-di-
mensionally formed object which also includes a planar
formed object, that is, a so-called two-dimensionally
formed object having a thickness. In addition, the mean-
ing of "support" includes supporting something from be-
low or the side and, in some cases, also includes sup-
porting something from above.

[0031] A three-dimensionally formed object manufac-
turing apparatus 2000 (hereinafter, referred to as "form-
ing apparatus 2000") shown in Figs. 1A to 2B includes:
a base 110; a stage 120 that is provided so as to move
in X, Y, and Z directions shown in the drawing or to be
driven in a rotating direction around a Z axis by a driving
device 111 as a driving unit which is included in the base
110. A sample plate 121 can be mounted on the stage
120, and a three-dimensionally formed object 500 can
be formed on the sample plate 121.

[0032] As shown in Figs. 1A and 1B, the three-dimen-
sionally formed object manufacturing apparatus 2000 in-
cludes a head base support portion 130. The base 110
is fixed to one end portion of the head base support por-
tion 130. A head base 1100 in which plural head units
1400 are held is fixed to the other end portion of the head
base support portion 130, in which each of the head units
1400 includes a constituent material ejecting portion that
ejects the constituent material.

[0033] In addition, as shown in Figs. 2A and 2B, the
three-dimensionally formed object manufacturing appa-
ratus 2000 includes a head base support portion 130'.
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The base 110 is fixed to one end portion of the head base
support portion 130°. A head base 1100’ in which plural
head units 1600 are held is fixed to the other end portion
of the head base support portion 130’, in which each of
the head units 1600 includes a support portion-forming
material ejecting portion (head 1600a) that ejects the
support portion-forming material using an ink jet method.
[0034] Here, the head base 1100 and the head base
1100’ are provided in parallel on an XY plane (refer to
Figs. 3A to 3C).

[0035] In the process of forming the three-dimension-
ally formed object 500, layers 501, 502, and 503 are
formed on the stage 120. In Figs. 1A and 2A, for conven-
ience of description, a three-layer structure including the
layers 501, 502, and 503 is adopted. However, layers (in
Figs. 1A and 2A, up to a layer 50n) may be laminated
until the three-dimensionally formed object 500 has a de-
sired shape.

[0036] Here, each of the layers 501, 502, 503, and 50n
includes: a supportlayer 300 that is formed of the support
portion-forming material ejected from the head 1600a as
the support portion-forming material ejecting portion; and
a constituent layer 310 (corresponding to a constituent
region of the three-dimensionally formed object 500) that
is formed of the constituent material ejected from the con-
stituent material ejecting portion 1230. Specifically, in the
forming apparatus 2000 according to the example, as
shown in Fig. 2A, first, the support layer 300 having a
predetermined thickness is formed using the head base
1100’. Next, as shown in Fig. 1A, the constituent layer
310 corresponding to the thickness of the support layer
300 is formed using the head base 1100. By laminating
the support layer 300 and the constituent layer 310, a
laminate of the three-dimensionally formed object 500 is
formed. In this way, by forming plural pairs of the constit-
uent layers 310 and the support layers 300, the laminate
of the three-dimensionally formed object 500 is complet-
ed. A finished product of the three-dimensionally formed
object 500 is manufactured by heating the laminate in a
thermostatic chamber (heating portion) which is provided
separately from the forming apparatus 2000.

[0037] Although described below in detail, in the form-
ing apparatus 2000 according to the example, irradiation
of ultraviolet rays (energy imparting) using an ultraviolet
irradiation unit 1700 is performed during the formation of
the support layer 300. This is because the support por-
tion-forming material includes an ultraviolet curable res-
in. That is, the ultraviolet irradiation unit 1700 functions
as a solidification portion of the support layer 300.
[0038] However, the support portion-forming material
may include, for example, a thermosetting resin instead
of the ultraviolet curable resin. In a configuration in which
the support portion-forming material is used, a heating
portion is provided instead of the ultraviolet irradiation
unit 1700 such that irradiation of heat energy (energy
imparting) is performed during the formation of the sup-
port layer 300. Therefore, in the above-described config-
uration, in order to protect the three-dimensionally
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formed object 500 from heat generated from the stage
120, the three-dimensionally formed object 500 may be
formed on a sample plate 121 having heat resistance.
By using, for example, a ceramic plate as the sample
plate 121, high heat resistance can be obtained.

[0039] Inthe forming apparatus 2000 according to the
example, the irradiation of the ultravioletrays is controlled
to be started or stopped by an ultraviolet irradiation por-
tion controller 1710 (refer to Fig. 2A) which is connected
to a control unit 400.

[0040] Fig. 1B is an enlarged view showing a C portion
which is the head base 1100 shown in Fig. 1A. As shown
in Fig. 1B, the head base 1100 holds the plural head units
1400. Although described below in detail, one head unit
1400 is formed by the constituent material ejecting por-
tion 1230, which is included in a constituent material sup-
ply device 1200, being held by a holding jig 1400a. The
constituent material ejecting portion 1230 includes: an
ejection nozzle 1230a; and an ejection driving portion
1230b that is controlled by a material supply controller
1500 to eject the constituent material through the ejection
nozzle 1230a.

[0041] Fig. 2Bis an enlarged view showing a C’ portion
which is the head base 1100’ shown in Fig. 2A. As shown
in Fig. 2B, the head base 1100’ includes: the head unit
1600 that includes the plural ink jet type heads 1600a;
and the ultravioletirradiation units 1700 that are provided
on both sides in the X direction, respectively, and be-
tween which the head unit 1600 is provided. The head
1600a includes: ejection nozzles 1600c; and an ejection
driving portion 1600b that is controlled by the material
supply controller 1500 to eject the support portion-form-
ing material through the ejection nozzles 1600c. The ul-
traviolet irradiation unit 1700 includes an irradiation por-
tion 1700a that is controlled by the ultraviolet irradiation
portion controller 1710 to irradiate ultraviolet rays through
an irradiation port 1700b.

[0042] The ultraviolet irradiation unit 1700 can effi-
ciently irradiate a supply material as a target with energy,
and a high-quality three-dimensionally formed object can
be formed. In addition, for example, the intensity of irra-
diation energy (power, scanning rate) can be easily con-
trolled according to, for example, the kinds of materials
to be ejected, and a three-dimensionally formed object
having a desired quality can be obtained. However, the
invention is not limited to the above-described configu-
ration, and a configuration of imparting energy using an-
other method may be adopted according to the kind of
the resin included in the support portion-forming material.
A resin which is solidified by natural drying may be used.
In a case where this resin is used, it is needless to say
that a constituent member (solidification portion) for so-
lidifying the resin is not necessarily provided.

[0043] As shown in Figs. 1A and 1B, the constituent
material ejecting portion 1230 is connected to a constit-
uent material supply unit 1210 through a supply tube
1220, the constituent material supply unit 1210 accom-
modating the constituent material and corresponding to
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each of the head units 1400 which are held in the head
base 1100. A predetermined constituent material is sup-
plied from the constituent material supply unit 1210 to
the constituent material ejecting portion 1230. The con-
stituent material supply unit 1210 includes constituent
material accommodating portions 1210a, and a supply
material including raw materials of the three-dimension-
ally formed object 500 (a paste-like constituent material
including metal powder), which is formed using the form-
ing apparatus 2000 according to the embodiment, is ac-
commodated in the constituent material accommodating
portions 1210a. Each of the constituent material accom-
modating portions 1210a is connected to at least one of
the constituent material ejecting portions 1230 through
the supply tube 1220. In this way, by including each of
the constituent material accommodating portions 1210a,
the constituent material supply unit 1210 can supply dif-
ferent kinds of materials through the head base 1100.
[0044] AsshowninFigs. 2A and 2B, each of the heads
1600a is connected to a support portion-forming material
supply unit 1210’ through a supply tube 1220’, the support
portion-forming material supply unit 1210’ accommodat-
ing the support portion-forming material and correspond-
ing to each of the heads 1600a. A predetermined support
portion-forming material is supplied from the support por-
tion-forming material supply unit 1210’ to the head 1600a.
The support portion-forming material supply unit 1210’
includes support portion-forming material accommodat-
ing portions 1210a’, and the support portion-forming ma-
terial which forms the support portion during the forma-
tion of the three-dimensionally formed object 500 (a
paste-like support portion-forming material including a
resin) is accommodated in the support portion-forming
material accommodating portions 1210a’ as the supply
material. Each of the support portion-forming material
accommodating portions 1210a’ is connected to at least
one of the heads 1600a through the supply tube 1220’
In this way, by including each of the support portion-form-
ing material accommodating portions 1210a’, the support
portion-forming material supply unit 1210’ can supply dif-
ferent kinds of materials through the head base 1100’.
[0045] As the constituent material, for example, a slur-
ry-like (or paste-like) mixed material including a single
powder or a mixed powder, a solvent, and a binder can
be used, in which examples of the single powder include
powders of magnesium (Mg), iron (Fe), cobalt (Co), chro-
mium (Cr), aluminum (Al), titanium (Ti), copper (Cu), and
nickel (Ni), and examples of the mixed powder include
powders of alloys including one or more of the above-
described metals (maraging steel, stainless steel, cobalt-
chromium-molybdenum, titanium alloys, nickel alloys,
aluminum alloys, cobalt alloys, and cobalt-chromium al-
loys).

[0046] In addition, a general engineering plastic such
as polyamide, polyacetal, polycarbonate, modified
polyphenylene ether, polybutylene terephthalate, or pol-
yethylene terephthalate can be used. Further, an engi-
neering plastic such as polysulfone, polyether sulfone,
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polyphenylene sulfide, polyarylate, polyimide, polyamide
imide, polyether imide, or polyether ether ketone can be
used.

[0047] In this way, as the constituent material, for ex-
ample, a metal other than the above-described metals,
a ceramic, or a resin can be used without any particular
limitation.

[0048] Asthe supportportion-forming material, various
resins such as an ultraviolet curable resin or a thermo-
setting resin can be used, and examples thereof include
a (meth)acrylic monomer or oligomer such as (meth)acr-
ylate, urethane acrylate, or polyester acrylate, a polyeth-
ylene resin, a polypropylene resin, a (meth)acrylic resin,
a polycarbonate resin, and paraffin wax.

[0049] Examples of the solvent include: water; (po-
ly)alkylene glycol monoalkyl ethers such as ethylene gly-
col monomethyl ether, ethylene glycol monoethyl ether,
propylene glycol monomethyl ether, or propylene glycol
monoethyl ether; acetates such as ethyl acetate, n-propyl
acetate, isopropyl acetate, n-butyl acetate, or isobutyl
acetate; aromatic hydrocarbons such as benzene, tolu-
ene, or xylene; ketones such as methyl ethyl ketone, ac-
etone, methyl isobutyl ketone, ethyl-n-butyl ketone, di-
isopropyl ketone, or acetyl acetone; alcohols such as eth-
anol, propanol, or butanol; tetraalkylammonium ace-
tates; sulfoxide solvents such as dimethyl sulfoxide or
diethyl sulfoxide; pyridine solvents such as pyridine, y-
picoline, or 2,6-lutidine; and ionic liquids of tetraalkylam-
monium acetates (for example, tetrabutylammonium ac-
etate). One kind or a combination of two or more kinds
selected from the above examples can be used.

[0050] Examples ofthe binderinclude: synthetic resins
such as an acrylic resin, an epoxy resin, a silicone resin,
or a cellulose resin; and thermoplastic resins such as
polylactic acid (PLA), polyamide (PA), or polyphenylene
sulfide (PPS).

[0051] The forming apparatus 2000 includes a control
unit 400 which controls the stage 120, the constituent
material ejecting portions 1230 included in the constitu-
ent material supply device 1200, and the heads 1600a
and the irradiation portions 1700a included in the support
portion-forming material supply device 1200’ based on
data for forming a three-dimensionally formed object
which is output from a data output device (not shown)
such as a personal computer. The control unit 400 in-
cludes a control portion (not shown) which controls the
stage 120 and the constituent material ejecting portion
1230 to be driven and operate in cooperation with each
other and controls the stage 120 and the support portion-
forming material supply device 1200’ to be driven and
operate in cooperation with each other.

[0052] Regarding the stage 120 which is provided to
be movable on the base 110, based on control signals
output from the control unit 400, signals for controlling,
for example, the moving start and stop, a moving direc-
tion, a moving amount, and a moving speed of the stage
120 are generated by a stage controller 410 and are
transmitted to the driving device 111 included in the base
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110 such that the stage 120 moves in the X, Y, and Z
directions shown in the drawings. Regarding the constit-
uent material ejecting portions 1230 included in the head
units 1400, based on control signals output from the con-
trol unit 400, signals for controlling, for example, the
amount of the material ejected through the ejection noz-
zles 1230a by the ejection driving portions 1230b includ-
ed in the constituent material ejecting portions 1230 are
generated by the material supply controller 1500, and a
predetermined amount of the constituent material is
ejected through the ejection nozzles 1230a based on the
generated signals.

[0053] Likewise, regarding the heads 1600a included
in the head units 1600, based on control signals output
from the control unit 400, signals for controlling, for ex-
ample, the amount of the material ejected through the
ejection nozzles 1600c by the ejection driving portions
1600b included in the heads 1600a are generated by the
material supply controller 1500, and a predetermined
amount of the support portion-forming material is ejected
through the ejection nozzles 1600c based on the gener-
ated signals. Regarding the irradiation portions 1700a
included in the ultraviolet irradiation units 1700, a control
signal is transmitted from the control unit 400 to the ul-
traviolet irradiation portion controller 1710, and an output
signalis transmitted from the ultravioletirradiation portion
controller 1710 to the ultraviolet irradiation units 1700
such that the ultraviolet irradiation units 1700 irradiate
ultraviolet rays.

[0054] Next, the head base 1100’ will be described in
more detail using Figs. 3A to 3C.

[0055] Fig. 3A is a diagram showing a schematic con-
figuration of major components of the forming apparatus
2000 according to the example, Fig. 3B is a diagram
showing a configuration example of the three-dimension-
ally formed object 500 in the process of forming, and Fig.
3Cis adiagram showing an example in which the nozzles
are disposed in the head 1600a. In Figs. 3B and 3C,
lattices are drawn in order to easily understand a rela-
tionship between positions of liquid drops ejected from
the heads 1600a and positions of the nozzles 1600c, and
the lattices of Fig. 3B and the lattices of Fig. 3C corre-
spond to each other. That is, one lattice of Fig. 3B cor-
responds to one liquid drop of the support portion-forming
material ejected through the ejection nozzle 1600c.
[0056] The head base 1100’ according to the embod-
iment ejects the support portion-forming material through
the ejection nozzles 1600c of the heads 1600a, which
are provided in the head units 1600, while moving in the
X direction relative to the stage 120 (sample plate 121).
As aresult, the layers 501, 502, 503, ..., and 50n can be
formed in the process of forming the three-dimensionally
formed object 500.

[0057] Fig. 3A shows the three-dimensionally formed
object 500 in which three layers including the layers 501,
502, and 503 are formed, and Fig. 3B is a plan view show-
ing the three-dimensionally formed object 500.

[0058] Inaddition,ineachofthe heads 1600a, the ejec-
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tion nozzles 1600c are formed to be disposed as shown
in Fig. 3C. As shown in Fig. 3C, in each of the heads
1600a, four nozzle arrays 1600d are formed along the Y
direction by disposing the plural ejection nozzles 1600c.
The ejection nozzles 1600c of each of the nozzle arrays
1600d are disposed at intervals of three nozzles. The
respective nozzle arrays 1600d are disposed such that
the ejection nozzles 1600c thereof are shifted by one
nozzle when seen from the X direction. With the above-
described configuration, as shown in Fig. 3B, the head
base 1100’ according to the example can dispose liquid
drops of the support portion-forming material with high
accuracy.

[0059] The head base 1100’ according to the example
forms a layer having a length in the Y direction corre-
sponding to the nozzle arrays 1600d while moving in the
X direction relative to the stage 120. Next, after the po-
sition is shifted relative to the stage 120 by the length in
the Y direction corresponding to the nozzle arrays 1600d,
the head base 1100’ further forms a layer having a length
in the Y direction corresponding to the nozzle arrays
1600d while moving in the X direction relative to the stage
120. One layer can be formed by repeating the above-
described operation, and the layers 501, 502, 503, ...,
and 50n can be sequentially formed by forming the layers
as described above.

[0060] The head base 1100’ according to the example
includes the ultraviolet irradiation units 1700 which are
provided on both sides of the head unit 1600 in the X
direction, respectively. Therefore, after ejecting the sup-
port portion-forming material from the ejection nozzles
1600c while moving in the +X direction relative to the
stage 120, the head base 1100’ can irradiate the support
portion-forming material with ultraviolet rays using the
ultravioletirradiation units 1700 which are provided back-
ward in the relative movement direction. In addition, after
ejecting the support portion-forming material from the
ejection nozzles 1600c¢ while moving in the -X direction
relative to the stage 120, the head base 1100’ can irra-
diate the support portion-forming material with ultraviolet
rays using the ultraviolet irradiation units 1700 which are
provided backward in the relative movement direction.
That is, the head base 1100’ can form the layers 501,
502, 503, ..., and 50n while moving in the two directions
along the X direction relative to the stage 120. However,
the invention is not limited to the above-described con-
figuration.

[0061] For example, FIG. 4A shows an example of an-
other configuration of the forming apparatus 2000 which
is different from the above-described example.

[0062] Fig. 4Ais a diagram showing a schematic con-
figuration of major components of the forming apparatus
2000 according to the example, Fig. 4B is a diagram
showing a configuration example of the three-dimension-
ally formed object 500 in the process of forming, and Fig.
4C is adiagram showing an example in which the nozzles
are disposed in the head 1600a. That is, Fig. 4A corre-
sponds to Fig. 3A, Fig. 4B corresponds to Fig. 3B, and
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Fig. 4C corresponds to Fig. 3C. The same components
as those of the forming apparatus 2000 shown in Figs.
3Ato 3C are represented by the same reference numer-
als, and the details description will not be repeated.
[0063] As shown in Fig. 4A, in the head base 1100’ of
the forming apparatus 2000 shown in Figs. 4A to 4C, the
ultraviolet irradiation unit 1700 is provided on only one
end side (+X direction side) of the head unit 1600 in the
X direction. Therefore, after ejecting the support portion-
forming material from the ejection nozzles 1600c while
moving in the -X direction relative to the stage 120, the
head base 1100’ can irradiate the support portion-form-
ing material with ultraviolet rays using the ultraviolet ir-
radiation units 1700 which are provided backward in the
relative movement direction. On the other hand, after
ejecting the support portion-forming material from the
ejection nozzles 1600c while moving in the +X direction
relative to the stage 120, the head base 1100’ cannot
irradiate the support portion-forming material with ultra-
violet rays using the ultraviolet irradiation units 1700
which are provided backward in the relative movement
direction. Thatis, the head base 1100’ canform the layers
501,502,503, ..., and 50n while moving in the -X direction
relative to the stage 120. The above-described configu-
ration may be adopted.

[0064] Next, the head units 1400 will be described in
more detail.
[0065] Figs. 5 and 6 show examples of a state where

the head units 1400, are held in the head base 1100 and
a state where the constituent material ejecting portions
1230 are held in each of the head units 1400. Fig. 5 is a
diagram showing the external appearance of the head
base 1100 when seen from a direction D shown in Fig.
1B.Fig. 6 is a schematic cross-sectional view taken along
line E-E’ shown in Fig. 5.

[0066] As shown in Fig. 5, in the head base 1100, the
plural head units 1400 are held by a fixing unit (not
shown). The head base 1100 of the forming apparatus
2000 according to the embodiment includes eight head
units 1400 including, from below in the drawing, head
units 1401 and 1402 on a first line, head units 1403 and
1404 on a second line, head units 1405 and 1406 on a
third line, and head units 1407 and 1408 on a fourth line.
Although not shown in the drawing, the constituent ma-
terial ejecting portions 1230 included in each of the head
units 1401 to 1408 are connected to the constituent ma-
terial supply unit 1210 through the ejection driving por-
tions 1230b and the supply tubes 1220 and are held by
the holding jigs 1400a.

[0067] As shown in Fig. 6, the constituent material
ejecting portions 1230, which are dispensers, ejecta ma-
terial M, which is the constituent material of the three-
dimensionally formed object, to the sample plate 121,
which is mounted on the stage 120, through the ejection
nozzles 1230a. The head units 1400 can be controlled
to eject the material M, in the form of liquid drops as
shown for head unit 1401, or the form of a continuous
body as shown for head unit 1402. In the forming appa-
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ratus 2000 according to the embodiment, the material M
is ejected in the form of liquid drops. However, the ejec-
tion nozzles 1230a can supply the constituent material
in the form of a continuous body. That is, the meaning of
the dispenser described in this specification includes
both of the configuration capable of supplying the con-
stituent material in the form of a continuous body and the
configuration capable of supplying the constituent mate-
rial in the form of liquid drops.

[0068] In the example, the size of liquid drops ejected
through the ejection nozzles 1230a is larger than that of
liquid drops ejected through the ink jet type ejection noz-
zles 1600c. Therefore, the constituent material can be
filled (corresponding to the formation of the constituent
layer) at a higher speed than that at which the support
layer (corresponding to the contour region of the three-
dimensionally formed object) is formed with high accu-
racy.

[0069] The material M ejected through the ejection
nozzles 1230a in the form of liquid drops flies substan-
tially in the gravity direction and lands on the sample plate
121. The landed material M forms landed portions 50.
An aggregate of the landed portions 50 is formed as the
constituent layer 310 (refer to Figs. 1A and 1B) of the
three-dimensionally formed object 500 formed on the
sample plate 121.

[0070] Figs. 7A to 9 are plan views (when seen from
the D direction shown in Figs. 1A and 1B) schematically
showing a relationship between a disposition of the head
units 1400 and a formed state of the landed portions 50.
First, as shown in Fig. 7A, at a forming start point g1 on
the sample plate 121, the material M is ejected through
the ejection nozzles 1230a of the head units 1401 and
1402 and lands on the sample plate 121 to form landed
portions 50a and 50b. For convenience of description,
the landed portions 50 are hatched in a plan view, and
the constituent layer 310 of the first layer 501 formed on
the top surface of the sample plate 121 will be described
as an example.

[0071] First, as shown in Fig. 7A, at the forming start
point q1 of the constituent layer 310 of the layer 501 on
the sample plate 121, the material M is ejected through
the constituent material ejecting portions 1230 included
in the head units 1401 and 1402 on the first line from
below in the drawing. The ejected material M forms the
landed portions 50a and 50b.

[0072] While continuously ejecting the material M
through the constituent material ejecting portions 1230
of the head units 1401 and 1402, the sample plate 121
is moved in the Y (+) direction relative to the head base
1100 such that the forming start point g1 shown in Fig.
7B is positioned at a position corresponding to the head
units 1403 and 1404 on the second line. As a result, the
landed portions 50a and 50b extend from the forming
start point q1 to a position q2 after the relative movement
of the sample plate 121 while maintaining a width t. Fur-
ther, the material M is ejected from the head units 1403
and 1404 on the second line corresponding to the forming
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start point q1 and starts to form landed portions 50c and
50d.

[0073] As shown in Fig. 7B, the landed portions 50c
and 50d are started to be formed, and while continuously
ejecting the material M through the constituent material
ejecting portions 1230 of the head units 1403 and 1404,
the sample plate 121 is moved in the Y (+) direction rel-
ative to the head base 1100 such that the forming start
point g1 shown in Fig. 7C is positioned at a position cor-
responding to the head units 1405 and 1406 on the third
line. As a result, the landed portions 50c and 50d extend
from the forming start point g1 to the position g2 after the
relative movement of the sample plate 121 while main-
taining the width t. Concurrently, the landed portions 50a
and 50b extend from the forming start point g1 to a po-
sition q3 after the relative movement of the sample plate
121 while maintaining the width t. The material M is eject-
ed from the head units 1405 and 1406 on the third line
corresponding to the forming start point g1 and starts to
form landed portions 50e and 50f.

[0074] As shown in Fig. 7C, the landed portions 50e
and 50f are started to be formed, and while continuously
ejecting the material M through the constituent material
ejecting portions 1230 of the head units 1405 and 1406,
the sample plate 121 is moved in the Y (+) direction rel-
ative to the head base 1100 such that the forming start
point g1 shown in Fig. 8A is positioned at a position cor-
responding to the head units 1407 and 1408 on the fourth
line. As a result, the landed portions 50e and 50f extend
from the forming start point g1 to the position g2 after the
relative movement of the sample plate 121 while main-
taining the width t. Concurrently, the landed portions 50a
and 50b extend from the forming start point g1 to a po-
sition g4 after the relative movement of the sample plate
121 while maintaining the width t, and the landed portions
50c and 50d extend from the forming start point g1 to the
position g3 after the relative movement of the sample
plate 121 while maintaining the width t. The material M
is ejected from the head units 1407 and 1408 on the
fourth line corresponding to the forming start point g1 and
starts to form landed portions 50g and 50h.

[0075] Inacase where a position g5 is set as a forming
end point (hereinafter, the position g5 will be referred to
as "forming end point g5"), as shown in Fig. 8B, the sam-
ple plate 121 is relatively moved until the head units 1401
and 1402 reach the forming end point g5 such that the
landed portions 50g and 50h extend. In the head units
1401 and 1402 which have reached the forming end point
g5, the ejection of the material M through the constituent
material ejecting portions 1230 of the head units 1401
and 1402 is stopped. Further, while relatively moving the
sample plate 121 in the Y (+) direction, the material M is
ejected through the constituent material ejecting portions
1230 until the head units 1403, 1404, 1405, 1406, 1407,
and 1408 reach the forming end point g5. As a result, as
shown in Fig. 9, the landed portions 50a, 50b, 50c, 50d,
50e, 50f, 50g, and 50h are formed in the region from the
forming start point g1 to the forming end point g5 while
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maintaining the width t. In this way, while moving the
sample plate 121 from the forming start point g1 to the
forming end point g5, the material M is ejected and sup-
plied from the head units 1401, 1402, 1403, 1404, 1405,
1406, 1407, and 1408 in this order. As a result, in this
embodiment, a rectangular aggregate of the landed por-
tions 50 having a width T and a length J can be formed.
In this way, the constituent layer 310 of the first layer 501
which is the aggregate of the landed portions 50 can be
formed.

[0076] As described above, in the forming apparatus
2000 according to the embodiment, in synchronization
with the movement of the stage 120 including the sample
plate 121, the material(s) M is selectively ejected and
supplied through the constituent material ejecting por-
tions 1230 included in the head units 1401, 1402, 1403,
1404, 1405, 1406, 1407, and 1408. As a result, the con-
stituent layer 310 having a desired shape can be formed
on the sample plate 121. In addition, as described above,
in this example, by simply moving the stage 120 in a
single direction along the Y axis direction, the landed
portions 50 having a desired shape can be formed in the
region having the width T and the length J shown in Fig.
9, and further the constituent layer 310 which is the ag-
gregate of the landed portions 50 can be formed therein.
[0077] In addition, regarding the material M ejected
through the constituent material ejecting portions 1230,
a constituent material ejected and supplied from one unit
or two or more units among the head units 1401, 1402,
1403, 1404, 1405, 1406, 1407, and 1408 may be different
from a constituent material ejected and supplied from the
other units. Accordingly, by using the forming apparatus
2000 according to the embodiment, a three-dimension-
ally formed object formed of different materials can be
formed.

[0078] The numbers and dispositions of the head units
1400 and the 1400’ included in the forming apparatus
2000 according to the embodiment are not limited to the
above-described numbers and dispositions. Figs. 10A
and 10B are diagrams schematically showing other dis-
position examples of the head units 1400 disposed on
the head base 1100.

[0079] Fig. 10A shows a state where the plural head
units 1400 are provided in parallel in the X axis direction
inthe head base 1100. Fig. 10B shows a state where the
plural head units 1400 are provided in a lattice shape in
the head base 1100. The number of head units disposed
is not limited to that of each of the examples shown in
Figs. 10A and 10B.

[0080] Next, an example in which a method of manu-
facturing a three-dimensionally formed object is per-
formed using the forming apparatus 2000 according to
the embodiment will be described.

[0081] Figs. 11A to 11E are diagrams schematically
showing an example of a process of manufacturing a
three-dimensionally formed object which is performed
using the forming apparatus 2000. In Figs. 11A to 11E,
plural horizontal auxiliary lines are drawn stacked in the
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Z direction solely as a diagrammatic aid such that the
thicknesses of the support layer 300 and the constituent
layer 310 can be easily recognized.

[0082] First, as shown in Fig. 11A, a support layer-
forming material is ejected from the heads 1600a to form
the first support layer 300 having a relatively small thick-
ness. Here, the support layer 300 is formed in regions of
the layer excluding a region where the three-dimension-
ally formed object is formed (a region corresponding to
the constituent layer 310). In addition, immediately after
being ejected from the heads 1600a, the support layer-
forming material is irradiated with ultraviolet rays using
the ultraviolet irradiation units 1700 which are provided
backward in the direction of the relative movement of the
head unit 1600 relative to the stage 120. As a result, the
support layer 300 is solidified.

[0083] Next, as shown in Fig. 11B, the support layer-
forming material is ejected from the heads 1600a and
then irradiated with ultraviolet rays using the ultraviolet
irradiation units 1700. As a result, the second support
layer 300 having a relatively small thickness is formed.
[0084] Next, as shown in Fig. 11C, the support layer-
forming material is ejected from the heads 1600a and
then irradiated with ultraviolet rays using the ultraviolet
irradiation units 1700. As a result, the third support layer
300 having a relatively small thickness is formed.
[0085] Next, asshownin Fig. 11D, the constituent ma-
terialis ejected from the constituent material ejecting por-
tions 1230 to form the constituent layer 310 having a
relatively large thickness in the region where the three-
dimensionally formed object is formed.

[0086] AsshowninFig.11D,before sintering, the thick-
ness of the constituent layer 310, which is formed of the
constituent material ejected from the constituent material
ejecting portions 1230, is larger than the thickness of the
three support layers 300 which is formed of the support
layer-forming material ejected from the heads 1600a.
Here, in the forming method according to the example,
the constituent layer 310 is formed such that the final
thickness of the constituent layer 310 is three times the
thickness of one support layer 300 deposited in one of
Figs. 11A-C in the state shown in Fig. 11D (such that the
thickness of a finished product O of the three-dimension-
ally formed object is three times the thickness of the sup-
port layer 300 in the state shown in Fig. 11D).

[0087] Here, next, as shown in Fig. 11E, the laminate
which is formed through the steps shown in Figs. 11A to
11D is heated in athermostatic chamber (heating portion)
which is provided separately from the forming apparatus
2000 to decompose and remove the support layer 300
and to sinter the constituent layer 310. In the example,
the support layer 300 is thermally decomposed and gas-
ified. Therefore, a space portion 320 is formed in the re-
gion where the support layer 300 has been decomposed
and removed. The thickness of the constituent layer 310
is reduced due to sintering in the heating step. Therefore,
after sintering, the constituent layer 310 has a thickness
(desired thickness) which is three times the thickness of
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10

one support layer 300 before the decomposition and re-
moval.

[0088] Inthis way, athree-dimensionally formed object
having a desired shape and a desired size can be man-
ufactured.

[0089] Here, Figs. 12A and 12B show a three-dimen-
sionally formed object having another shape which is
manufactured using the same manufacturing process as
that of the three-dimensionally formed object shown in
Figs. 11A to 11E. Specifically, a laminate of the three-
dimensionally formed object is formed (Fig. 12A) by re-
peating the steps shown in Figs. 11A to 11D, and a fin-
ished product O of the three-dimensionally formed object
is formed (Fig. 12B) by sintering the laminate of the three-
dimensionally formed object in the heating step shown
in Fig. 11E.

[0090] Next, still another example in which a method
of manufacturing a three-dimensionally formed object is
performed using the forming apparatus 2000 according
to the embodiment will be described.

[0091] Figs. 13A to 13E are diagrams schematically
showing an example of a process of manufacturing a
three-dimensionally formed object which is performed
using the forming apparatus 2000. In Figs. 13A to 13E,
plural horizontal auxiliary lines are drawn stacked in the
Z direction solely as a diagrammatic aid such that the
thicknesses of the support layer 300 and the constituent
layer 310 can be easily recognized.

[0092] In the method of manufacturing a three-dimen-
sionally formed object shown in Figs. 11A to 12B, the
thickness of the one constituent layer 310 is larger than
the thickness of the one support layer 300. On the other
hand, in the method of manufacturing a three-dimension-
ally formed object shown in Figs. 13A to 13E, the thick-
ness of the one constituent layer 310 is the same as the
thickness of the one support layer 300. However, the
viscosity of the constituent material is lower than that of
the constituent material used in the method of manufac-
turing a three-dimensionally formed object shown in Figs.
11A to 12B.The spreading of liquid drops of the constit-
uent material on a XY plane is wider than the spreading
of liquid drops of the constituent material, which is used
in the method of manufacturing a three-dimensionally
formed object shown in Figs. 11A to 12B, on a XY plane.
As in the case of the method of manufacturing a three-
dimensionally formed object shown in Figs. 11A to 12B,
the size of liquid drops of the constituent material is larger
than that of liquid drops of the support layer-forming ma-
terial.

[0093] First, as shown in Fig. 13A, the support layer-
forming material is ejected from the heads 1600a to form
the first support layer 300. Here, the support layer 300
is formed inregions of the layer excluding a region where
the three-dimensionally formed objectis formed (a region
corresponding to the constituent layer 310). In addition,
immediately after being ejected from the heads 1600a,
the support layer-forming material is irradiated with ultra-
violet rays using the ultraviolet irradiation units 1700
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which are provided backward in the direction of the rel-
ative movement of the head unit 1600 relative to the stage
120. As a result, the support layer 300 is solidified.
[0094] Next, as shown in Fig. 13B, the constituent ma-
terial is ejected from the constituent material ejecting por-
tions 1230 to form the constituent layer 310 in the region
where the three-dimensionally formed object is formed.
Fig. 13B shows a state immediately after liquid drops of
the constituent material are landed.

[0095] Next, as shown in Fig. 13C, the liquid drops of
the constituent material spread in the XY plane direction.
However, the size of liquid drops of the constituent ma-
terial is larger than that of liquid drops of the support
layer-forming material. Therefore, the thickness of the
constituentlayer 310 is larger than the thickness (desired
thickness) of the support layer 300.

[0096] The steps shown in Figs. 13A to 13C are re-
peated. Fig. 13D shows a state where a laminate of the
three-dimensionally formed object is formed by repeating
the steps shown in Figs. 13A to 13C.

[0097] Here, next, as shown in Fig. 13E, the laminate
shown in Figs. 13D is heated in a thermostatic chamber
(heating portion) which is provided separately from the
forming apparatus 2000 to decompose and remove the
support layer 300 and to sinter the constituent layer 310.
In the example, the support layer 300 is thermally de-
composed and gasified. Therefore, a space portion 320
is formed in the region where the support layer 300 has
been decomposed and removed. The thickness of the
constituent layer 310 is reduced due to sintering in the
heating step. Therefore, after sintering, the constituent
layer 310 has a desired thickness.

[0098] Inthis way, athree-dimensionally formed object
having a desired shape and a desired size can be man-
ufactured.

[0099] Here, Figs. 14A and 14B show a three-dimen-
sionally formed object having another shape which is
manufactured using the same manufacturing process as
that of the three-dimensionally formed object shown in
Figs. 13A to 13E. Specifically, a laminate of the three-
dimensionally formed object is formed (Fig. 14A) by re-
peating the steps shown in Figs. 13A to 13D, and a fin-
ished product O of the three-dimensionally formed object
is formed (Fig. 14B) by sintering the laminate of the three-
dimensionally formed object in the heating step shown
in Fig. 13E.

[0100] Next, an example of the method of manufactur-
ing athree-dimensionally formed object using the forming
apparatus 2000 (an example corresponding to Figs. 11A
to 12B) will be described using a flowchart.

[0101] Here, Fig. 15is the flowchart showing the meth-
od of manufacturing a three-dimensionally formed object
according to the example.

[0102] This example is the example of the method of
manufacturing a three-dimensionally formed object cor-
responding to Figs. 11A to 12B. However, the method of
manufacturing a three-dimensionally formed object cor-
responding to Figs. 13A to 14B can also be adopted.

10

15

20

25

30

35

40

45

50

55

1"

[0103] As shownin Fig. 15, in the method of manufac-
turing a three-dimensionally formed object according to
the example, firstly, data of a three-dimensionally formed
objectis acquiredin Step S110. Specifically, forexample,
data representing the shape of the three-dimensionally
formed object is acquired from, for example, an applica-
tion program which is performed by a personal computer.
[0104] Next, in Step S120, data for each layer is cre-
ated. Specifically, in the data representing the shape of
the three-dimensionally formed object, bitmap data
(cross-sectional data) is generated for each of cross-sec-
tions which are obtained by slicing the three-dimension-
ally formed object according to a forming resolution in
the Z direction.

[0105] At this time, in the generated bitmap data, a
region where the three-dimensionally formed object is
formed is distinguished from regions where the three-
dimensionally formed object is not formed. In other
words, in the data, the regions which are formed of liquid
drops (small dot) having a small dot diameter ejected
from the heads 1600a and the region which is formed of
liquid drops (large dot) having a large dot diameter eject-
ed from the constituent material ejecting portions 1230
are distinguished from each other for each layer.
[0106] A difference betweenthe large dotdiameterand
the small dot diameter is not particularly limited. By set-
ting the large dot diameter to be eight times or more of
the small dot diameter, a three-dimensionally formed ob-
jectcan be rapidly and effectively manufactured with high
accuracy.

[0107] Next, in Step S130, the data of the layer to be
formed is determined whether to be data for forming the
regions (support layer 300) where the three-dimension-
ally formed object is not formed or data for forming the
region (constituent layer 310) where the three-dimen-
sionally formed object is formed. This determination is
performed by the control portion included in the control
unit 400.

[0108] Inthis step, in acase where itis determined that
the data of the layer is the data for forming the support
layer 300, the process proceeds to Step S140, and in a
case where it is determined that the data of the layer is
the data for forming the constituent layer 310, the process
proceeds to Step S150.

[0109] In Step S140, the support layer-forming mate-
rial is ejected from the heads 1600a based on the data
for forming the support layer 300. As a result, small dots
of the support layer-forming material can be supplied.
[0110] Afterthe supportlayer-forming material is eject-
ed in Step S140, the ejected liquid drops (support layer
300) are solidified by being irradiated with ultraviolet rays
(energy imparting) using the ultraviolet irradiation units
1700 which are provided backward in the direction of the
relative movement of the head unit 1600 relative to the
stage 120 in Step S160.

[0111] On the other hand, in Step S150, large dots of
the constituent material are supplied by ejecting the con-
stituent material from the constituent material ejecting



21 EP 3 181 333 A2 22

portions 1230.

[0112] In Step S170, whether or not the formation of
the three-dimensionally formed object is finished is de-
termined based on the bitmap data corresponding to
each of the layers which is generated in Step S120, and
Steps S130 to S170 are repeated until the formation of
the laminate of the three-dimensionally formed object is
finished.

[0113] In Step S180, the laminate of the three-dimen-
sionally formed object which is formed in the above-de-
scribed steps is heated in a thermostatic chamber (not
show). Specifically, the region (constituent layer 310)
where the three-dimensionally formed object is formed
is sintered, and the support layer 300 around the constit-
uent layer 310 is decomposed and removed.

[0114] Atfter the completion of Step S180, the method
of manufacturing a three-dimensionally formed objectac-
cording to the example ends.

[0115] Asdescribed above, in the method of manufac-
turing a three-dimensionally formed object according to
any one of the examples, the three-dimensionally formed
object is manufactured by laminating layers to form a
laminate. This method includes: a constituent layer form-
ing step (corresponding to Step S150) of forming the con-
stituent layer 310 corresponding to a constituent region
of the three-dimensionally formed object; a support layer
forming step (corresponding to Step S140) of forming the
support layer 300 which is in contact with the constituent
layer 310 and supports the constituentlayer 310 by eject-
ing a flowable composition including a resin from the
heads 1600a in the form of liquid drops; a solidification
step (corresponding to Step S160) of solidifying the sup-
portlayer 300; and a heating step (corresponding to Step
S180) of heating the laminate which is formed in the con-
stituentlayer forming step, the supportlayer forming step,
and the solidification step.

[0116] As described above, the method of manufac-
turing a three-dimensionally formed object according to
any one of the examples includes: the constituent layer
forming step of forming the constituent layer 310; and
the support layer forming step of forming the supportlayer
300 by ejecting a flowable composition including a resin
from an ejecting portion (heads 1600a) in the form of
liquid drops. For example, by using the flowable compo-
sition in which the resin is dissolved or is dispersed in
the form of fine particles, the support layer 300 which
determines the contour shape of the three-dimensionally
formed object can be formed with high accuracy. In other
words, the presence of the solid component (particles)
having a large particle size can prevent the unevenness
of the surface shape. By rapidly forming the constituent
layer 310 constituting the inside of the three-dimension-
ally formed object which is not necessarily to be formed
with high accuracy, the three-dimensionally formed ob-
ject can be rapidly manufactured with high accuracy.
[0117] Here, "contour" is a portion which forms the sur-
face shape of the three-dimensionally formed object. For
example, in a case where a coating layer is provided on
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the surface of the three-dimensionally formed object,
"contour" may refer to a layer below the coating layer.
[0118] In addition, in the heating step of the method of
manufacturing a three-dimensionally formed object ac-
cording to anyone of the examples, as shown in Figs.
11A to 14B, the support layer 300 is decomposed and
removed, and the constituent layer 310 is sintered. That
is,inthe heating step, the laminate is collectively sintered.
Therefore, the support layer can prevent the shape of
the constituent layer(s) from collapsing until it is decom-
posed and removed in the heating step after the formation
of the laminate, and can form the three-dimensionally
formed object with particularly high accuracy. In addition,
as compared to a case where each layer is sintered, the
accumulation of strains caused by sintering can be re-
duced, and a three-dimensionally formed object can be
formed with higher accuracy.

[0119] However, the constituentlayer 310 can be melt-
ed instead of being sintered.

[0120] Inaddition, in the constituent layer forming step
of the method of manufacturing a three-dimensionally
formed object according to anyone of the examples, the
constituent layer 310 is formed by ejecting the flowable
composition from the ejecting portion (constituent mate-
rial ejecting portions 1230) in the form of liquid drops. As
shown in Figs. 11A to 14B, the size of (at least a portion
of) liquid drops for forming the support layer 300 in the
support layer forming step is smaller than the size of (at
least a portion of) liquid drops for forming the constituent
layer 310 in the constituent layer forming step. That is,
the supportlayer 300 can be formed using the liquid drops
having a smaller size than the liquid drops for forming
the constituent layer 310. That is, the support layer 300
which determines the contour shape of the three-dimen-
sionally formed object is formed using the relatively small
liquid drops, and the constituent layer 310 constituting
the inside of the three-dimensionally formed object is
formed using the relatively large liquid drops. Therefore,
the support layer 300 determining the contour shape of
the three-dimensionally formed object, which is neces-
sarily formed with high accuracy, can be formed with high
accuracy, and the constituent layer 310 constituting the
inside of the three-dimensionally formed object, which is
not necessarily formed with high accuracy, can be rapidly
formed. Accordingly, the three-dimensionally formed ob-
ject can be rapidly manufactured with high accuracy. Fur-
ther, since the constituent layer 310 is formed of the rel-
atively large liquid drops, particles having a large particle
size can be used as the constituent material, and the
material selectivity can also be improved.

[0121] Inaddition, theresinincluded inthe support lay-
er-forming material which is used in the forming appara-
tus 2000 according to any one of the examples is an
ultraviolet curable resin, and the support layer 300 is ir-
radiated with ultraviolet rays in the solidification step.
Therefore, the support layer 300 can be simply formed
with high accuracy. However, the invention is not limited
to the above-described configuration. In a case where
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the resin included in the support layer-forming material
is an ultraviolet curable resin, it is preferable that the sup-
port layer-forming material further includes a polymeri-
zation initiator.

[0122] For example, a thermosetting resin such as a
phenol resin, a urea resin, a melamine resin, an epoxy
resin, unsaturated polyester, a silicone resin, or poly-
urethane, or a monomer or oligomer such as (meth)acr-
ylate to which a thermal polymerization initiator is added
may be used as the resin included in the support layer-
forming material, and the support layer 300 may be heat-
ed in the solidification step. Even in the above-described
method of manufacturing a three-dimensionally formed
object, the support layer 300 can be simply formed with
high accuracy.

[0123] In addition, for example, a solid resin may be
melted and the molten resin may be ejected from the
ejecting portion in the form of liquid drops to form the
support layer 300 in the support layer forming step, and
the molten resin may be cooled and solidified in the so-
lidification step. Even in the above-described method of
manufacturing a three-dimensionally formed object, the
support layer 300 can be simply formed with high accu-
racy.

[0124] The meaning of "cooling and solidifying" in-
cludes not only actively cooling and solidifying the resin
but also naturally cooling and solidifying the resin.
[0125] In addition, it is preferable that the material for
forming the constituent layer 310 includes at least one
selected from the group consisting of magnesium, iron,
copper, cobalt, titanium, chromium, nickel, aluminum,
maraging steel, stainless steel, cobalt-chromium-molyb-
denum, a titanium alloy, a nickel alloy, an aluminum alloy,
a cobalt alloy, a cobalt-chromium alloy, alumina, and sil-
ica. This is because a three-dimensionally formed object
having particularly high stiffness can be formed.

[0126] In addition, the material for forming the support
layer 300 may include at least one selected from the
group consisting of polyvinyl alcohol, polyvinyl pyrro-
lidone, and polyvinyl butyrate. Polyvinylalcohol, polyvinyl
pyrrolidone, or polyvinyl butyrate functions as a binder.
Therefore, by including polyvinyl alcohol, polyvinyl pyr-
rolidone, or polyvinyl butyrate, the support layer 300 can
be prevented from collapsing (deforming) before the so-
lidification step of solidifying the support layer 300.
[0127] In addition, it is preferable that, in the heating
step, 90% or higher of the support layer is decomposed
and removed. This is because, after the heating step, the
remaining support layer 300 can be simply removed from
the constituent layer 310 of the three-dimensionally
formed object (the finished product O of the three-dimen-
sionally formed object can be simply cleaned).

[0128] The invention is not limited to the above-de-
scribed examples and can be realized in various embod-
iments within a range not departing from the scope of the
invention as defined by the claims. For example, the tech-
nical features of any one of the examples corresponding
to the technical features of any one of the embodiments
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described in the "Summary" or in the main body of the
description can be appropriately replaced or combined
in order to solve a part or all of the above-described prob-
lems or to achieve a part or all of the above-described
effects. In addition, the technical features may be appro-
priately omitted unless they are described as essential
features in this specification. For example, the ejecting
portions 1400 and 1600 can be provided using the same
support.

Claims

1. A method of manufacturing a three-dimensionally
formed object (O) in which the three-dimensionally
formed object is manufactured by laminating layers
to form a laminate, the method comprising:

forming a constituent layer (500) corresponding
to a constituent region of the three-dimension-
ally formed object;

forming a support layer (300) which is in contact
with the constituent layer and supports the con-
stituent layer by ejecting a flowable composition
including a resin from an ejecting portion (1600)
in the form of drops;

solidifying the support layer; and

heating the laminate which is formed in the for-
mation of the constituent layer, the formation of
the support layer, and the solidification of the
support layer.

2. The method of manufacturing a three-dimensionally
formed object according to claim 1,
wherein in the heating of the laminate, the support
layer is decomposed and removed and the constit-
uent layer is sintered.

3. The method of manufacturing a three-dimensionally
formed object according to claim 1 or claim 2,
wherein in the formation of the constituent layer, a
flowable composition (M) is ejected from the ejecting
portion (1400) in the form of drops to form the con-
stituent layer, and
a size of at least a portion of drops for forming the
support layer in the formation of the support layer is
smaller than a size of at least a portion of drops for
forming the constituent layer in the formation of the
constituent layer.

4. The method of manufacturing a three-dimensionally
formed object according to any one of the preceding
claims,
wherein the resin is an ultraviolet curable resin, and
in the solidification of the support layer, the support
layer is irradiated with ultraviolet rays.

5. The method of manufacturing a three-dimensionally
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formed object according to any one of claims 1 to 3,
wherein the resin is a thermosetting resin, and

in the solidification of the support layer, the support
layer is heated.

The method of manufacturing a three-dimensionally
formed object according to any one of claims 1 to 3,
wherein in the formation of the support layer, the
resin, which is solid, is melted and the molten resin
is ejected from the ejecting portion in the form of
liquid drops to form the support layer, and

in the solidification of the support layer, the molten
resin is cooled and solidified.

The method of manufacturing a three-dimensionally
formed object according to any one of the preceding
claims,

wherein a material for forming the constituent layer
includes at least one selected from the group con-
sisting of magnesium, iron, copper, cobalt, titanium,
chromium, nickel, aluminum, maraging steel, stain-
less steel, cobalt-chromium-molybdenum, a titanium
alloy, a nickel alloy, an aluminum alloy, a cobalt alloy,
a cobalt-chromium alloy, alumina, and silica.

The method of manufacturing a three-dimensionally
formed object according to any one of the preceding
claims,

wherein a material for forming the support layer in-
cludes at least one selected from the group consist-
ing of polyvinyl alcohol, polyvinyl pyrrolidone, poly-
vinyl butyrate, a polyethylene resin, a polypropylene
resin, a (meth)acrylic resin, a polycarbonate resin,
and paraffin wax.

The method of manufacturing a three-dimensionally
formed object according to any one of the preceding
claims,

wherein in the heating of the laminate, 90% or more
of the support layer is decomposed and removed.
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